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(57) ABSTRACT

A process for measuring the bond of a coating on a substrate.
Ultrasound echoes through the substrate of a test piece are
collected and their amplitudes are measured, their decay
being a function of the bond of a coating deposited on the
opposite face of the substrate. Preliminary tests on calibra-
fion test pieces give a correlation function so that 1t 1s

unnecessary to carry out expensive and uncertain mechani-
cal tests on the test pieces.

12 Claims, 2 Drawing Sheets
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METHOD FOR MEASURING ADHERENCE
OF A COATING ON A SUBSTRATE

DESCRIPTION

This invention relates to a process for measuring the bond
of a coating on a substrate.

The bond of a coating on a substrate may be evaluated by
ogluing the free faces of the assembly obtained on both sides
of the junction mterface, to plane surfaces with jaw ends that
are drawn 1n opposite directions on a tensile testing machine.
The bond measurement then consists of making a direct
mechanical measurement of the force necessary to break the
junction and tear the coating off the substrate. However, very
wide dispersions of the measured failure forces are always
observed for test pieces made 1n a similar manner, which
proves that uncertainties are introduced in the operating,
method, that are so large that in practice these tests are
valueless. It 1s probable that gluing 1s responsible for defects
in the uniformity with which the tension force is transmitted
through the assembly, but 1t 1s impossible to compensate for
this even when taking the greatest care with the preparation.

This patent proposes an indirect method of measuring this
resistance to tearing the coating off the substrate, making use
of ultrasound measurements. In its most general form, the
invention relates to a process for measuring the bond of a
coating on a substrate, characterized 1n that 1t consists of
sending ultrasounds into the substrate and to the coating,
picking up a series of echoes resulting from the ever
increasing number of ultrasound reflections on the faces of
the substrate with an interface between the substrate and the
coating, evaluating an echo attenuation coeificient using a
function to determine the decay of echo amplitudes as a
function of the number of echo reflections, and deducing the
said bond of a correlation function estimated 1n advance
using calibration test pieces, using attenuation coefficients
and values of coating bond obtained by mechanical tests on
calibration test pieces.

We will now describe the invention with reference to the
figures, 1n which:
FIG. 1 1llustrates the equipment used for the method,

FIG. 2 explains the physical phenomena involved 1n the
propagation of ultrasounds,

FIG. 3 1llustrates a curve of the echoes obtained and an
interpretation of this curve,

FIG. 4 1illustrates a mechanical tear off test, and

FIG. 5 shows a correlation between the mechanical tests
and ultrasound tests.

FIG. 1 shows that a test piece reference 1 consists of a
substrate 2 on which a much thinner coating 3 1s deposited
by a process such as plasma projection, for which bond
measurements are extremely important due to the irregular-
ity and therefore the fragility of the coating structure. Test
piece 1 1s dipped into water 1n a tank 4 and 1s placed on
blocks 5 at the bottom of the tank, the coating 3 facing
downwards. A sensor 6 1s placed above test piece 1, approxi-
mately perpendicular to the substrate 2 coating 3 interface,
and 1t 1s connected to a control means 7 through an oscil-
loscope 8 and a pulse generator 9. The sensor 6 emits
ultrasounds to the test piece 1 and also operates like a
receiver; the oscilloscope 8 records the echoes that it
receives so that they can be interpreted as will be considered
later. As a variant, 1t would be possible to emit ultrasounds
and receive them by separate sensors.

FIG. 2 1llustrates one possible phenomenon of ultrasound
propagation 1n test piece 1 in which the direction of the
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2

ultrasounds 1s oblique, unlike what 1s done 1 the embodi-
ment 1n FIG. 1 1n which the same sensor emits and receives
waves with vertical propagation; this layout was adapted for
reasons of clarity in the presentation and to remain general
in the description, but the measurement principle remains
the same.

Each equipment medium has a particular acoustic imped-
ance. When an acoustic wave reaches the limit of one
medium and enters another, one portion penetrates 1nto this
other medium and another portion 1s reflected and returned
into the first medium; the proportion of the two portions
depends on the 1mpedance of the media, the transmission
being 100% when the 1impedances are equal. As shown 1
FIG. 2, a wave transmitted by line L1 1n the water 1n tank 4
and that reaches the upper surface 10 opposite the coating 3
of the substrate 2 1s partially reflected along line 1.2 as a first
echo, but the remainder of 1ts energy enters substrate 2 along
line L3 to reach the interface with the coating 3. Some of this
energy 1s reflected at this point and passes through the
substrate 2 1n the opposite direction along line 1.4, and some
of 1t comes out through the top face 10 along line LS
prolonging line .4 forming a second echo. The rest of the
energy of the wave along L3 enters the coating 3 and gets
lost 1n 1t, escaping detection, since the thickness of coating
3 1s so thin that 1t 1s only possible to pass Lamb waves
through 1t that are oriented 1n 1ts plane and the attenuation of
the waves 1s very fast in the complex micrographic struc-
tures obtained by plasma protection. Part of the wave
passing along line 1.4 1s reflected again on the top face 10 of
substrate 2, and once again passes through the thickness of
substrate 2 along line L6 before some of its energy 1s once
again reflected upwards along line L7 at the substrate 2
coating 3 interface. A third echo 1s then formed by the
portion of energy of the wave that exits from substrate 2
through the top face 10, along line L8 along the continuation
of line L7. Successive echoes are produced 1n the same way
and are recorded by sensor 6.

Note that lmes L3, L4, L6, L7, etc. passing through
substrate 2 are all the same length, such that successive
echoes reaching sensor 6 along lines 1.2, LS, LS, etc., are
separated by equal times, corresponding to the time neces-
sary for ultrasounds to pass twice through each of the lengths
mentioned above 1n substrate 2.

The process consists of taking at least three successive
echoes of the wave emitted by the sensor 6; they are marked
references 11, 12 and 13 on the diagram in FIG. 3, which 1s
a record of the oscilloscope 8; their amplitudes are continu-
ously decreasing and may be evaluated by an envelope curve
14 that has the equation of an exponential.

The parameter of this exponential that 1s determined as
follows may be correlated to the bond of the coating 3.
If the amplitude of the wave emitted by sensor 6 1s equal to
A, the amplitude of the wave of the first echo (L,) is
A,=A,1,.e-"*, where r,, is the reflection coefficient of the
wave on the top face 10, h 1s the distance traveled between
the top face 10 and the sensor 6, and a 1s the damping
coellicient of ultrasounds 1n water; The amplitude of the
second echo (L.) is A=At oty I, % P, where t,, is
the transmission coefficient through the top face 10 of water
into the material and t,, from the material to water, r,_, 1s the
reflection coeflicient at the substrate 2-coating 3 interface, x

1s the thickness of material 2 and {3 1s the damping coeflicient
in substrate 2; the amplitude of the third echo (Lg) is
As=Agtyolo I a0 “e™ P
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and that successive echoes will take place 1n the same ratio
except for the first (A,). It has been seen that this attenuation
rat1io 1s representative of the bond of coating 3. The corre-
lation may be set up by preliminary experiments on test
pieces for which the attenuation ratio 1s measured, and the
resistance of the coating to tear off 1s measured successively
and directly. When the correlation function has been
obtained, the test pieces are then only subjected to the
non-destructive ultrasound test.

We have been considering the case of absorption of
ultrasound waves 1n coating 3, only the portions of the wave
reflected at the substrate 2-coating 3 interface can return to
sensor 6. This 1s a frequent case since plasma coatings
usually have a much lower impedance than metals that could
be used to make up substrate 2, such that the coeflicient r,_;
1s high. But exceptions can occur 1n which the impedances
of the coating 3 and the substrate 2 are matched and
absorption of waves by thicker coatings 3 1s lower. In this
case 1t 1s found that the echoes no longer come from
reflections at the substrate 2-coating 3 interface, but from
reflections on the lower face of the coating 3 along lines such
as L, and L,,. The formula giving the amplitudes of the
echoes 1s then complicated in that the attenuation of the
waves 1n coating 3 has to be i1ncluded, and the coeflicient
[2.(t,_sr3)] replaces r,_5, where t,_; is the transmission coef-
ficient at the interface and r; 1s the reflection coefficient
between the coating 3 and the liquid, but the procedure does
not change; a ratio between echoes 1s calculated and 1is
correlated to a function obtained 1n advance to estimate the
bond of coating 3.

It 1s remarkable that the position of the test piece 1 does
not have any influence on the ratio between echoes that is
unchanged if the coating 3 1s placed on top, towards sensor
1, but it 1s preferred to proceed as shown 1n order to avoid
passing through the coating 3 and the consequent absorp-
fions.

The amplitudes of echoes may be defined by an envelope
function A=ke™>", where k is a constant, XL is the total
length through which the waves pass in the substrate 2 (or
more generally in test piece 1), or (Ls+L,) for the first echo,
(Ls;+L,+L.+L-) for the second echo, etc., and X is a constant
parameter different for each test piece 1 that can be corre-
lated to the bond of coating 3.

The 1mitial search for the correlation function requires
mechanical tests on calibration test pieces 1. As mentioned
in the beginning, the face 10 of the substrate 2 and the free
face of the coating 3 are glued to jaws 15 and 16 that are
placed 1n a tensile testing machine, not shown on FIG. 4, to
tear off the coating 3. Tests are carried out on batches
composed of several similar test pieces 1, and the highest
tear off resistance found 1n each of these batches 1s selected.
One 1mportant 1item of mformation that was found 1s that the
highest of these tear off resistance values 1s probably the
most realistic, because they are the only values that can be
simply correlated to the ultrasound measurements; other
values are possibly the result of 1nitiating failures caused by
defective bonding or tension. The correlation found between
the tear off stress o thus obtained and the decay parameter
X calculated 1n advance 1s linear, and 1s very good as shown
in FIG. 5. The points of the function are determined by
varying the conditions of spraying the coating 3 for each test
piece batch 1, with an invariable composition of the coating,
and substrate 2. They were obtained using depositions of

alloy KC25NW, type 1, onto Hastelloy X.
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The process makes 1t possible to evaluate the bond on a
series of points of test pieces 1 1n order to estimate its
uniformity.

What 1s claimed 1s:

1. Process for measuring a bond of a coating on a
substrate, comprising;:

sending ultrasounds into the substrate and into the coat-
ng;
picking up a series of echoes resulting from ultrasound

reflections on faces of the substrate with an interface
between the substrate and the coating;

evaluating an echo attenuation coetlicient determining a
decay 1n an amplitude of echoes as a function of a
number of echo reflections; and

deducing the bond of a correlation function estimated 1n
advance using calibration test pieces, between attenu-
ation coeflicients and values of the bond of the coatings
determined by performing mechanical tests on calibra-
tion test pieces;

wherein the correlation function 1s obtained by manufac-
turing plural batches of calibration test pieces, the test
pieces 1n cach batch being identical, by tearing the
coatings ofl the substrates by tension while measuring
tear ofl resistance for each calibration test piece, and
using a best tear off resistance 1n each of the batches as
the resistance to tear off 1n the correlation function.

2. Process for measuring the bond of a coating on a
substrate according to claam 1, wherein the attenuation
coellicient 1s a coelfficient of an exponential function that
multiplies a distance through which ultrasounds have passed
in the test piece.

3. Process for measuring the bond of a coating on a
substrate according to claim 2, wherein a single sensor emits
and receives the ultrasounds perpendicular to the coating
and to the substrate, and the coating 1s on one face of the test
piece remote from the sensor.

4. Process for measuring the bond of a coating on a
substrate according to claim 1, wherein a single sensor emits
and receives the ultrasounds perpendicular to the coating
and to the substrate, and the coating 1s on one face of the test
piece remote from the sensor.

5. Process for measuring the bond of a coating on a
substrate, comprising:

sending ultrasounds 1mto the substrate and to the coating;

picking up a series of echoes resulting from ultrasound
reflections on faces of the substrate, said faces com-
prising an Interface between the substrate and the
coating,

evaluating an echo attenuation coefficient determining a
decay 1n the amplitude of echoes as a function of the
number of echo reflections on said interface, and

deducing the said bond from a correlation function
between values of said attenuation coefficients and
values of the bond, said correlation function having
been determined previously by performing mechanical
tests on calibration test pieces.

6. Process for measuring the bond of a coating on a
substrate according to claim 5, wheremn the correlation
function 1s obtained by manufacturing several batches of
calibration test pieces, the test pieces in each batch being
identical, by tearing the coatings ofl the substrates by tension
while measuring the tear off resistance for each calibration
test piece, and using the best tear off resistance in each of the
batches as one value of the bond 1n the correlation function.

7. Process for measuring the bond of a coating on a
substrate according to claim 6, wherein the attenuation
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coellicient 1s a coelflicient of an exponential function that
multiplies a distance through which ultrasounds have passed
in the test piece, the exponential function being proportional
to the amplitude of the echoes.

8. Process for measuring the bond of a coating on a
substrate according to claim 7, wherein a single sensor emits
and receives the ultrasounds perpendicular to the coating
and to the substrate, and the coating 1s on one face of the test
piece remote from the sensor.

9. Process for measuring the bond of a coating on a
substrate according to claim 6, wherein a single sensor emits
and receives the ultrasounds perpendicular to the coating
and to the substrate, and the coating 1s on one face of the test
piece remote from the sensor.

10. Process for measuring the bond of a coating on a
substrate according to claam 5, wherein the attenuation
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coellicient 1s a coeflicient of an exponential function that
multiplies a distance through which ultrasounds have passed
in the test piece, the exponential function being proportional
to the amplitude of the echoes.

11. Process for measuring the bond of a coating on a
substrate according to to claim 10, wherein a single sensor
emits and receives the ultrasounds perpendicular to the
coating and to the substrate, and the coating i1s on one face
of the test piece remote from the sensor.

12. Process for measuring the bond of a coating on a
substrate according to claim 5§, wherein a single sensor emits
and receives the ultrasounds perpendicular to the coating,
and to the substrate, and the coating 1s on one face of the test
piece remote from the sensor.
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